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ABSTRACT 
This project aimed to reopen the case of using Dragline/Hopper/Trucks (DHT) system for 
prestrip in open cut coal mining, examining its technical and economic feasibility in 2017 
context. The model was trialled in 1994. Though the operation was proved to be feasible, the 
hopper’s skid mounting relocation system experienced difficulties, requiring too much time to 
move between positions and making it unacceptable for real world operation. 
In order to tackle that issue, track mounting relocation system was suggested and confirmed to 
be the most suitable solution for hopper due to the wide availability of equipment and the 
maturity of technology on the market. This project also provided some updates on current 
technologies that might benefit the operation of the whole system, including Dragline Swing 
Assist and Universal Dig and Dump for dragline, an autonomous operation vision for hopper 
and driverless trucks for haulage operation. 
In the next stage, a mine layout based on a typical open cut operation in Central Queensland 
was set up to analyse the prestrip productivity of DHT models and a typical trucks/shovel fleet 
in Central Queensland. The total time required to excavate one 60x40x30m prestrip block 
resulted in 24 and 32 hours for DHT and Trucks/Shovel, respectively. In addition, three 
different truck cases for DHT and one case for trucks/shovel were examined with results being 
shown in Table i. 
Table i.  
Different models examined in the project 
 DHT System Trucks/Shovel System 
Excavators CAT 8200 (61 lcm bucket) CAT 6060 (34 lcm) 
Truck Fleet Case Normal CAT 789D 
Auto CAT 
789D 
Auto 
KOMATSU 
930E 
Normal CAT 789D 
Truck Capacity (Tonne) 181 181 290 181 
Total excavating time for 
each block (hours) 
24 24 24 32 
Number of Trucks 
required 
4 4 3 4 
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Financial technical modelling was carried on these cases in two scenarios, including purchasing 
new equipment and using surplus equipment on site. In both scenarios, trucks/shovel case 
appeared to be most economic prestrip method, returning the highest Net Present Values. The 
results can be seen in Table ii. 
Table ii.  
Final NPV results for all cases 
 DHT Trucks/Shovel 
Truck Fleet Normal CAT 789D 
Auto CAT 
789D 
Auto KOMATSU 
930E 
Normal CAT 
789D 
NPV (AUD) – 
Purchasing new 
equipment scenario 
1.379 billion 1.376 billion 1.345 billion 1.48 billion 
NPV (AUD) – Using 
surplus equipment 
scenario 
1.449 billion 1.451 billion 1.42 billion 1.504 billion 
Due to dragline’s high operating cost, it was recommended that the case of using big dragline 
for prestrip should be closed while other replacements, such as small dragline/trucks and 
shovels/crusher/conveyor concepts, were worth further investigations for prestrip purpose. 
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1 INTRODUCTION 
1.1 PROJECT BACKGROUND 
Dragline/Hopper/Trucks (DHT) system was examined and demonstrated for pre-strip coal 
mining a few decades ago, presenting some notable benefits as compared to other conventional 
pre-strip methods.  However, due to some technological constraints and economic feasibility, 
the system has never been implemented commercially. 
Since the mining industry has witnessed a number of drastic improvements in equipment 
technology in the last few decades, it is time to evaluate whether DHT system is now feasible 
for a broad application in the coal industry. 
1.2 PROBLEM DEFINITION 
Truck and shovel fleets had been for years the most employed pre-strip method in open cut 
coal mines around Australia due to their flexibility and low capital costs. However, their high 
operating costs had been proven to be an issue once mining depth increased (Westcott, 2004). 
This prompted a need for an alternative deep pre-stripping method that maintains both low 
operating expense and flexibility to improve mine economics.  
Dragline/Hopper/Trucks (DHT) system could potentially be the solution for this case. Indeed, 
this system combined the flexibility advantage of truck fleets and low waste removal cost of 
draglines, significantly reducing operating cost for pre-strip mining (Seib, 1989). 
A number of studies and trials for DHT system were conducted during the early 1990s. 
However, due to some limitations, the DHT system was not considered technically and 
economically feasible for commercial application and its case has never been opened again 
since the latest study in 1994.  
The purpose of this research was to update on related current equipment technologies and 
evaluate how these will improve the feasibility of DHT system in 2017 context. In addition, it 
will propose solutions to issues encountered from previous studies and improvements for DHT 
system in general. 
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1.3 OBJECTIVES 
The aim of this project was to assess the feasibility of implementing DHT system for pre-strip 
mining in 2017 context and introduce some improvements to DHT system in general. Several 
objectives for the project were generated in order to achieve the main aim, including: 
• To confirm whether the relocation issue of the hopper can be solved using track 
mounting system and propose a relocation system, sourcing current equipment 
available on the market; 
• To find out whether current innovations in terms of dragline automation, autonomous 
hopper and driverless trucks are ready for application and how they are going to benefit 
the DHT system;  
• To provide an in-depth conceptual modelling analysis on both DHT and Trucks/shovel 
systems for deep prestrip; and 
• To evaluate the economic feasibility of DHT system versus conventional trucks/shovel 
method for pre-strip purpose. 
1.4 SCOPES 
• The context of this research project would be limited to open-cut coal mines located in 
Central Queensland; and 
• No physical DHT system would be trialled and demonstrated while carrying out the 
project.Methodology 
In order to obtain the main objectives of this project, the following methods were carried out 
throughout the process. 
1.4.1 Research 
Relevant literature, publications and studies were reviewed to gain in-depth knowledge in DHT 
system as well as current advance equipment that might benefit the system in general. 
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1.4.2 Industry Interview 
Interviews with professors in UQ Mechanical Engineering Faculty were conducted to update 
on the following topics: 
• Solutions on technical issues encountered in previous studies; and 
• Technological advances in machinery related to the project. 
1.4.3 Conceptual Modelling 
A conceptual modelling analysis was executed to evaluate the DHT system. Conceptual design 
of the system as well as results were provided. 
1.5 SIGNIFICANCE AND RELEVANCE TO INDUSTRY 
Findings from the project would particularly benefit open-pit coal producers. If the DHT 
system was proved technically and economically feasible to be implemented for deep pre-strip 
coal mining, it would challenge the dominance of trucks/shovel fleets in open-cut coal mines 
around Central Queensland due to its assumed significantly lower operating cost. This was 
considered crucial for Australian coal industry as producers were trying to cut expense amid 
vulnerable coal price after the mining bust. Besides, the introduction of DHT system could help 
revive coal projects that had been proved to be uneconomical for open-cut extraction mainly 
due to the depth of the seam.  
1.6 EXPECTED OUTCOMES 
The following outcomes can be expected from the project: 
• The feasibility of hopper relocation using tracking mounting system; 
• Up-to-date information about dragline automation, autonomous hopper and driverless 
trucks and their effects on DHT system; 
• A detailed conceptual model analysis of DHT system and trucks/shovel system for deep 
prestrip case; and 
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• Economic feasibility comparison between DHT system and truck/shovel fleets for pre-
stripping in case the DHT system is proven technically feasible for implementation; 
1.7 RISK ASSESSMENT 
In order to deliver the project with high quality standard, potential risks were identified and 
contingency plan was completed. The contingency plan is shown in Table 1 to propose all the 
controls corresponding with the identified risks. In addition, the contingency plan provides the 
rating before and after controls, based on the rating system detailed in Appendix 1. 
Table 1.  
The Contingency Plan 
Hazard Risk Rating Control Management Plan Post Control 
Risk Rating 
Data loss Extreme Diversify backup methods, including Dropbox, Facebook, laptop’s hard drive and USB. Low 
Industry 
supervisor 
unavailability  
High 
Discuss through all the important points related to 
the project before the supervisor goes overseas 
Contact through emails if there’s any emergency 
questions related to the project. 
Contact the appointed person if the supervisor is 
not able to reply the email on time. 
Low 
Lost time due 
to health-
related issues. 
Medium 
Ensure work-life balance. 
Keep ahead of the task to make up for lost time 
due to sickness. 
Low 
Below 
satisfactory 
work quality. 
Extreme 
Quality check before submitting. 
Discuss with supervisor on how to improve the 
quality of the project. 
Refine the quality of the project over the break. 
 
Medium 
Lost time due 
to conflicts with 
other courses  
Medium 
Task management must be conducted. 
Keep ahead of the task to make up for lost time 
due to assignment conflicts. 
Low 
Unable to 
conduct 
interviews due 
to professors’ 
tight schedule 
High 
Contact and book for meetings at least one month 
in advance. 
Keep pushing through emails. 
Medium 
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2 LITERATURE RESEARCH 
2.1 PRE-STRIP IN DRAGLINE OPERATION 
In surface coal mining, pre-strip (see Figure 1) is referred as the removal of the initial soil layer, 
enabling the second digging process to remove the subsequent overburden to expose coal layer 
(Neil and Kizil, 2013). 
 
Figure 1. Pre-strip compared to subsequent dragline stripping (Neil and Kizil, 2013). 
In current practice, pre-strip is usually performed using trucks/shovel method, leaving a 60m 
wide interburden bench for the primary dragline stripping operation. Trucks and shovel system 
involves using shovel to dump blasted materials into trucks and the trucks then haul this into 
the previous dragline dumps. This method is widely applied due to its low cost and flexibility 
but these claims are based on a short duration of pre-strip requirement. In fact, the decision to 
select equipment for pre-strip activity is very site specific. For larger pre-strip requirement, 
shovel/crusher/conveyor is sometimes employed with wastes being dumped into a crusher to 
reduce particle size for conveying. However, high capital cost and inflexibility of the conveyors 
makes the system only suitable for very large coal mines (Wescott, 2004). 
Some other pre-strip methods, including bucket wheel excavator and dragline/hopper/trucks, 
has been discussed. However, none of these are currently applied in any Australian coal mine 
(Wescott, 2004). 
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2.2 DRAGLINE/HOPPER/TRUCKS SYSTEM  
Dragline was well known as a low-priced method to elevate overburden but had its drawback 
in moving waste horizontally. Meanwhile, trucks could be flexible in transporting wastes in 
horizontal direction but became inefficient when operating with elevating roads. The logic of 
implementing DHT system was to combine the best of both methods, utilizing the vertical 
waste removal ability of dragline and the flexibility in horizontal movement of trucks (Seib, 
1989). See Figure 2. 
 
Figure 2. Dragline/hopper/trucks arrangement (Seib, 1989). 
Dragline/Hopper/Trucks (DHT) system involved using a dragline to dump waste into trucks 
via a hopper. This system functioned in a similar way to a drive through operation with one 
large dragline dumping waste rocks into a hopper, letting this pass down to a large rear dump 
mining truck underneath. The truck then transported the waste to the waste dump. Besides, 
hopper dimensions were designed to accept a single truck load with no surge or partial 
emptying capacity (Shanks and Bartosiewicz, 1994). 
Wilson (1985) already discussed the potential attractions of using systems based on draglines 
dumping into hoppers, including DHT and dragline/hopper/crusher/conveyor (DHCC), for pre-
strip in coal mining process. It was concluded that this type of pre-strip method could be a cost-
effective alternative to conventional pre-strip methods. 
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Seib (1989) opened the assessment on DHT system in his thesis, considering DHT system as 
an alternative to Dragline/Hopper/Conveyor (DHC) system due to the introduction of larger 
trucks. This capacity lift helped significantly reduce operating cost and made truck fleets more 
attractive. Economic studies for both systems were carried out in the same proposed deposit 
and the results showed that dragline/hopper system coupling with truck fleets achieved a 
nominated base price of $29.81/t, which was surprisingly close to the base price of $29.36/t 
recorded from Dragline/Hopper/Conveyor system. In the conclusion, Seib believed DHT 
system was very promising for future adaption in Australian coal industry, considering tailored 
mine design and scheduling along with advancing technologies in mining equipment.  
Shell and CSR  (1990) investigated the feasibility of draglines/hopper system application 
coupling with either a conveyor or truck fleets for deep pre-strip. As a part of the work, 
economic studies were conducted to compare both systems with other conventional pre-strip 
methods. The concept throughout the research was to evaluate how draglines, DHCC, DHT, 
trucks/shovel and bucket wheel excavator would stack up in pre-stripping a typical Central 
Queensland’s idealised single seam mine layout. It was concluded that the DHT system 
considered in the research was a possible pre-strip alternative to the conventional trucks/shovel 
system in the condition that one spare dragline was available. The other dragline methods, 
however, failed to do so.  
The research also made some recommendations for future investigations, including: 
• investigating some certain innovative bucket designs; 
• conducting DHT system field trial; and 
• testing automated swinging on a dragline. 
The first recommendation led Shell Company of Australia to conduct another project called 
“Further Evaluation of Dragline Hopper Concepts” with the main aim to evaluate two Beatty’s 
patented bucket concepts, including rear dump and trigger buckets. The findings were the rear 
dump bucket concept was considered unsuitable for any further development due to its 
complexity and reduced capacity during the trial while the latter failed to showcase any 
significant benefit as compared to existing bucket designs. The author suggested no further 
investigation on these two bucket concepts (Shell and CSR, 1991). 
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Based on the second recommendation, Shanks and Bartosiewicz  (1994) conducted a DHT field 
trial at BHP’s Blackwater mine. The project employed the mine’s BE1260W dragline with 23.5 
cu.m bucket capacity, a hopper that was built and designed for the project and a Caterpillar 789 
truck with a payload of 180t. This trial was carried out in one week, involving 93.5 hours of 
operating time over 19 shifts. Some major findings were delivered, including: 
• The feasibility of large rear dump trucks being routinely loaded by large draglines via 
a hopper; 
• Semi-automatic system was required for safe co-ordinated control and operation of the 
DHT system. Dragline’s automatic cycle control was proved to be unnecessary;  
• The production-standard cost of a mobile hopper for a midrange dragline (47 to 50 
cu.m. bucket) was estimated to lie between $1 M and $1.5 M; 
• Unmanned operation of a relocatable single-truckload hopper was proved to be feasible; 
and 
• Hopper design requirements were established for large draglines. 
The study also found some flaws that hindered the application of the considered DHT system, 
most noticeably lying in the skid-mounting relocation system of the hopper deemed to be 
difficult and slow. It recommended a relocation provision in future studies, which led to the 
present research. Other recommendations included case-by-case investigation for potential pre-
strip applications, further examination on non-prestrip applications and extended trialling to 
evaluate a wider range of conditions encountered (Shanks and Bartosiewicz, 1994).  
On the other hand, only a few studies on dragline’s automated swinging had been recorded. 
The most noticeable study was from Godfrey (1989) as he conducted a detailed design and 
simulation study for automation of dragline swinging for accurate dumping in a hopper without 
productivity loss. In the project, he confirmed the feasibility of large dragline automation in 
Australia with detailed design and expected results given. In addition, CSIRO and ACARP had 
been working on a series of projects about automated dragline swing control with some 
successful trials. However, the aim of these projects was to increase productivity and efficiency 
over manned dragline operation instead of improving the accuracy for dragline’s dumping into 
hopper (Dubabin, Winstanley and Corke, 2005).  
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2.3 AUTOMATION IN MINING 
Bassan et al (2008) visualised future mines facilitated with remote operations centres, 
employing sophisticated technologies and intelligent systems to fully control operations from 
a long distance away. Mine workers, with the assistance from technologies, could perform tasks 
of two or three traditional roles. This vision had been steadily applied as new mines were being 
developed. 
In Australia’s mining industry, Rio Tinto already went ahead with an ambitious plan for 
automation, launching ‘Mine of the Future’ program in 2008 with the collaboration of research 
centres around the world and key equipment suppliers. The aim of this project was to examine 
and promote automation in all aspects of a mine (Fisher and Schnittger, 2012). Some positive 
results from this program could be mentioned, including the followings (Rio Tinto, n.d.). 
• Operations centre: a state-of-the-art facility in Perth that operates all mines, ports and 
rail systems from one single location. 
• Automated drilling system (ADS): In 2008, a successful trial of ADS was recorded in 
West Angelas mine and now it is in preparation phase for implementation in the near 
future. 
• AutoHaul®: The system had been gradually developed and it was now in the stage of 
regulatory submission, full system functionality completion, performance and 
reliability improvement and gradual system integration; 
• Autonomous haulage systems (AHS): Rio Tinto currently operated the largest 
autonomous truck fleet in the world with a total number of 69 trucks in operation at 
Pilbara sites (see Figure 3), which is set to grow in coming years. 
The fourth item, AHS, was considered the most noticeable success from the program so far, 
reporting a 15% operating cost reduction as compared to human driven trucks. The maturity of 
AHS led this research to consider integrating it into DHT system, evaluating how it would 
benefit DHT in general (Caughill, 2017). 
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Figure 3. Komatsu autonomous truck in operation at Pilbara (Caughill, 2017). 
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3 HOPPER RELOCATION 
3.1 PREVIOUS TRIAL SYSTEM 
Hopper relocation was singled out in 1994 trial as the most significant technical issue that 
hindered the feasibility of DHT system. In this trial, skid mounting was selected for the 
hopper’s relocation system (see Figure 4). Two flat bottomed skids were attached underneath 
the hopper frame, supporting the whole structure. Besides, two large dozers were required to 
tow the hopper via heavy chains shackled to the skids’ end (Shanks and Bartosiewicz, 1994). 
 
Figure 4. Front view and side view of hopper used in the trial (Shanks and Bartosiewicz, 1994). 
It was then concluded to be that the relocation system was unsuccessful during the trial with 
the most noticeable problem being the time-consuming relocation process. It typically took one 
to two hours for the hopper to move a short distance around the dragline, making it impractical 
in real-world operation. In addition, the skid mounting system prompted difficulties when there 
was a need for fine adjustments of hopper’s position and orientation. The skids could also bury 
themselves when negotiating a turn on a slight slope. These issues proved that skid mounting 
was totally unsuitable for hopper’s relocation (Shanks and Bartosiewicz, 1994).  
Shanks and Bartosiewicz (1994) also suggested further investigation in two other relocation 
systems, including wheel mounting and track mounting. These two systems were initially 
considered but rejected due to cost grounds at that time. 
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3.2 POSSIBLE SOLUTION 
The study focused on track mounting system as possibly the best solution for the hopper’s 
relocation problem. Discussion with  Professor P Lever on 26 April 2017 confirmed the 
feasibility of the track mounting system for hopper relocation. Lever emphasised the wide 
availability of track undercarriage systems (see Figure 5) and technologies on the current 
market as the main reason why he believed this was a possible relocation solution for hopper. 
Mining equipment companies, from major to small players, currently offered an extensive 
range of track undercarriage systems and were willing to produce custom systems to suit the 
needs of the customers. An undercarriage system for hoppers could be easily configured and 
manufactured by various mechanical engineering contractors on the market. Furthermore, he 
believed the technology to remotely control the track functions was already mature and had 
been extensively applied not only in mining but also other industries, opening the possibility 
for the unmanned operation of the hopper. 
 
Figure 5. A track undercarriage system from Caterpillar. 
In addition, due to the relocation issues relating to terrain conditions in the 1994 trial, track 
mounting appeared to be the most suitable choice with its flexibility in operation. In fact, most 
equipment companies could produce a variety of tracks configured based on different type of 
industries and purposes. Lever, in the discussion, also suggested a few methods to solve the 
terrain issues, including installing a gradient sensor in front of the tracks to detect different 
height conditions of the path or road clean-ups before relocating the hopper. 
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3.3 PROPOSED TRACK MOUNTING SYSTEM 
3.3.1 Design 
The track relocation system was based on the suggestion from 1994 trial study. Four track 
modules from large hydraulic excavators were attached to four sides of the hopper frame (see 
Figure 6). Due to limited movement required for the hopper, used track undercarriage systems 
could be purchased to drive down the hopper’s capital cost. These modules were hydraulically 
driven, using diesel engine installed in each module. The system was controlled through radio 
remote controller, maintaining unmanned operation for the whole hopper’s relocation. 
  
Figure 6. Proposed track mounting relocation system (Shanks and Bartosiewicz, 1994). 
This study selected the currently available equipment and technologies on the market, based 
mainly on the hopper’s weight and terrain condition analysis. In addition, due to compatibility 
requirement, all main equipment for the relocation, including track undercarriage and engine 
were sourced from Caterpillar, one of the largest mining equipment suppliers in the world. 
However, it was suggested that system modifications, done by a mechanical engineering 
contractor, will provide better suitability and efficiency for the relocation system. 
As discussed in the 1994 study, the addition of track mounted system would significantly 
increase the price of the hopper by at least a million dollar (Shanks and Bartosiewicz, 1994). 
However, this current project aimed to financially evaluate the complete DHT system so the 
hopper’s total cost was not the main issue at this stage. 
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3.3.2 Track Undercarriage 
Track undercarriage was a complex system consisting of various components, including links, 
pins, bushings, sprockets, rollers, idlers, shoes and frames. It was commonly assembled into 
different track-type machines for supporting and propelling purposes (Moore, 2007). The main 
factors to consider when selecting the suitable undercarriage system include the weight of the 
machine, machine application and desired undercarriage life. Three Caterpillar excavator’s 
undercarriage systems were considered, including Grease Lubricated Track, General Duty and 
Positive Pin Retention 2, with a selection guide shown in Figure 7 (Caterpillar, 2013). 
 
Figure 7. Undercarriage system selection guide from Caterpillar (Caterpillar, 2013). 
This research used the hopper constructed for the 1994 trial, which had a total weight of 130.5 
tonnes (see Table 2), as a reference for undercarriage selection (Shanks and Bartosiewicz, 
1994). With inclusion of four 8.9 tonne track modules and four 1.35 tonne engines, the total 
weight now stood at 171.5 tonne (Caterpillar, 2017a). Based on this figure, Caterpillar’s 
Positive Pin Retention 2 (PPR2) undercarriage appeared to be the most suitable choice for the 
proposed relocation design. PPR2 was currently equipped in Caterpillar’s large hydraulic 
excavator product line, capable of supporting operating weights, ranging from 38.6 tonnes to 
86.84 tonnes. With four undercarriage modules used in the relocation system, it was assumed 
that these modules could withstand the weight of the hopper structure. 
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Table 2.  
Hopper’s Total Weight (Shanks and Bartosiewicz, 1994) 
Component/Assembly Weight (t) 
Support frame 40.1 
Hopper 61.5 
Detachable beams 4.8 
Doors and guideway 9.6 
Deflector plate assembly 10.5 
Access platforms and ladders 2.2 
Generator protective structure 0.3 
Hydraulic system protective structure 0.5 
Generator 0.3 
Hydraulic components 0.2 
Hydraulic cylinders 0.3 
Hydraulic plumbing 
Wastes capacity (if full) 
0.2 
190  
Total 320.5 
PPR2 undercarriage (see Figure 8) was also claimed to perform well under abrasive, impact 
prone, high moisture and extrudable road conditions, which helped minimise the terrain issues 
encountered in previous study (Caterpillar 2013).  
 
Figure 8. Caterpillar’s Positive Pin Retention 2 (PPR2) undercarriage system (Caterpillar, 2013). 
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3.3.3 Diesel Drive 
Each module was hydraulically driven, using Cat C13 ACERT diesel engine (see Figure 9). 
This engine could be found in Caterpillar’s large hydraulic excavator 349F models, producing 
a maximum power of 388 kW. The average operating weight of 349F line-up was nearly 50 
tonnes so with four engines attached in the system, it was assumed that there was enough power 
produced to push the hopper structure forward (Caterpillar, 2017b). 
Other main hydraulic components, including main pumps, control valves and hydraulic tank 
should be designed to locate close together to reduce friction and pressure drop in operation 
(Caterpillar, 2008). 
 
Figure 9. Caterpillar’s Cat® C13 ACERT™ Industrial Diesel Engine (Caterpillar, 2017b). 
3.3.4 Control System 
According to Lever (2017), radio remote control for undercarriage system had been available 
in the market for quite a long time and could be easily found from any accessory mechanical 
supplier. These remote controllers could be tethered or non-tethered, allowing operators to 
control the undercarriage system from a distance. 
The control system (see Figure 10) includes two main components, including a receiver and 
transmitter. The receiver was mounted into the drive and connected to the motor, receiving 
signals from the transmitter to activate the motor. Operators used the transmitter to send radio 
waves to the receiver, commanding the operation of the system (Tyson, n.d.). 
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Figure 10. An example of remote controller for undercarriage system (Morbark, n.d.). 
3.3.5 Other Operation Requirements 
Although the track undercarriage system was claimed to perform well in a variety of road 
conditions, it is still very important to conduct housekeeping activities on hopper’s working 
paths. Before each hopper’s relocation, road inspection should be carried and clean-up tasks 
should be performed if required to ensure a smooth operation and prolong life expectation for 
the track modules (Lever, 2017).  
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4 TECHNOLOGIES UPDATE 
4.1 DRAGLINE 
One of the DHT system’s challenges lay in the dragline dumping control. In most open cut coal 
mines around Australia, dragline was mainly deployed for side casting purpose, which does 
not require high precision in casting waste. However, in DHT system, it was necessary for 
operators to spot and dump the waste correctly into the hopper, avoiding large spillage in 
working areas. This task was proved to be difficult due to mechanical movement of the 
dragline, producing uncontrolled swinging motion of the bucket that creates problems for 
precise dumping. In the discussion with professor P Lever on 26 April 2017, he believed that 
controlling bucket swing seemed to be a difficult task largely due to the changing location of 
bucket’s gravity centre once it is loaded with waste. The gravity centre played an important 
role in generating swinging motion of the bucket and Lever had not seen any technology that 
could tackle this issue so far. On the other hand, results from 1994 trial pointed out that skilled 
dragline operators could find little problem in performing this dumping activity and full 
automation of dragline was not necessary. However, in real world condition, most dragline 
operators were required to work long hour shifts, making human error issue unavoidable. Thus, 
achieving a stable precise dumping rate based solely on the skills of dragline operators seemed 
to be debatable. The best solution regarding this issue can be a dragline automation system that 
could improve the consistency of operators’ performance. 
4.1.1 Dragline Swing Assist 
Currently, there was no such dragline assisting system commercially available on the market. 
The most promising technology so far was called Dragline Swing Assist (DSA) system, 
developed by CSIRO. Though DSA was still under development, some successful trials, 
integrating this system with Digital Terrain Mapping (DTM), had been conducted, showcasing 
a promising future for real world application (Winstanley, at al, 2007).  
DSA system could be simply regarded as a cruise control function for a dragline, whereby it 
performed the hoist, slew, dump and return components of the excavation cycle. The idea was 
that operator filled the bucket then pressed a button on the joystick, allowing the DSA system 
to take control. Once the automation mode was on, the bucket motion was then commanded by 
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a set of operator’s specified way-points (see Figure 11) that were previously inserted during 
the training phase with the active joysticks (Winstanley, at al, 2007).  
 
Figure 11. Specifies points in DSA system (Winstanley, at al, 2007). 
The main drawback of the system was the lack of awareness of dragline’s surroundings, which 
can be solved by using Digital Terrain Mapping (DTM) system. This system employed a 
commercially available infrared laser range scanner mounted at the boom-tip as an eagle-eye 
view. As the dragline rotates, laser scanning data were collected to estimate terrain profile 
(Winstanley, et al, 2007).  
 
Figure 12. 3D terrain created by DTM (Winstanley, et al, 2007). 
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The system trial was carried on 2 production draglines and a 1:7 scale model machine. Key 
results showed the system could match or exceed operator performance in some, but not all 
cycles subjectively. Most importantly, dumping and recovery were performed consistently well 
(Winstanley, et al, 2007). 
4.1.2 Universal Dig and Dump (UDD) Dragline 
UDD technology was first introduced during the 1990s and has been fitted successfully in 6 
draglines in Australia. In UDD draglines, the bucket was fitted with independent ropes to the 
front and the back (see Figure 13) and controlled via a split hoist and drum motor arrangement, 
giving the operator greater control over the bucket and helping increase the dumping accuracy 
significantly (Londono, Knights and Kizil, 2013). 
 
Figure 13. Conventional and UDD dragline buckets (Automation IT, n.d.). 
UDD draglines were also capable of picking up and dumping a bucket within the dragline 
operating radius. This could benefit any dragline/hopper concept as the hopper might not be 
required to relocate every time the dragline moves, potentially increasing the productivity of 
the whole system (Londono, Knights and Kizil, 2013).  
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4.2 HOPPER 
This project aimed to employ an autonomous hopper that was able to spot the dragline position 
and relocate itself to the dumping point. Unfortunately, there had not been any significant work 
recorded for autonomous hopper lately. However, with the rise of autonomous haulage in 
mining industry and the growing driverless car trend around the world, the automation 
technology was already available to be used for future hopper. The vision for how the hopper 
operates is detailed in figure 14. 
 
Figure 14. A vision for autonomous hopper operation. 
4.3 AUTONOMOUS HAULAGE 
In recent years, the mining industry had been implementing autonomous haulage to enhance 
project economics, safety and other key metrics on mine sites. The current fleets for driverless 
trucks in Australia were all operated in iron ore operations with a total number of 134 vehicles 
recorded (Price, 2017). 
The AHS (illustrated in Figure 15) comprise of the following essential components (Price, 
2017): 
• mining trucks fitted AHS equipment, such as GPS and sensors; 
• software that commands vehicle movements and interactions; 
• a communications network with wireless coverage to all areas; and 
• a team of operators and support staff to operate vehicles, devices, software and 
network from the control room. 
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Figure 15. Autonomous haulage system (Price, 2017.). 
AHS proved to bring a number of benefits (Price, 2017), including: 
• Significant lower number of drivers working in rural area; 
• Increased safety on mine sites; 
• Reduced operating costs; and 
• Increased productivity and efficiency. 
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5 MODEL SETUP 
5.1 MINE LAYOUT 
In order to analyse and compare DHT and Trucks/Shovel system for prestrip, a 3D AutoCAD 
mine layout was constructed. The dimensions for this layout are assumed, based on a typical 
dragline open cut operation in Central Queensland. Some notable figures are included in Table 
3. 
Table 3.  
Mine layout dimensions 
 Dimension Value 
 Width 60m 
Dragline Block Depth 50m 
 Length 30m 
Coal seam Thickness 8m 
Strip Length 3000m 
Highwall Bench Angle 700 
 Angle 370 
Spoil Height 75m 
 Distance between two spoil tops 60m 
Natural Surface Depth to top of coal seam 90m 
Normally, trucks and shovel were used to excavate the pre-strip interburden with thickness 
averaging around 15-20m. However, in order to reflect on the deep pre-strip scenario of this 
project, a depth of 40m is assumed for the pre-strip block. Pre-strip excavation was performed 
30m ahead of dragline side casting, with wastes being dumped two dragline spoils away from 
the highwall. Dimensions of prestrip block and waste dump are detailed in Table 4. 
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Table 4.  
Prestrip block and waste dump 
 Dimension Value 
 Width 60m 
Prestrip Block Depth 40m 
 Length 30m 
 Volume 72,000 bcm 
 Area 1981.9 m2 
Waste Dump Volume 86,400 lcm 
 Length 30m 
The productivity of both DHT and Trucks/Shovel systems were then analysed by determining 
the total time required for each system to excavate one prestrip block and haul the waste to 
dump point. Locations of the prestrip and dump are shown on the cross-section in Figure 16 
and Figure 17. 
 
Figure 16. Mine layout. 
 
Figure 17. 3D model for mine layout created in AutoCad. 
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5.2 DRAGLINE/HOPPER/TRUCKS MODEL  
5.2.1 Dragline and Hopper setup 
In terms of dragline machine, CAT 8200 with bucket capacity of 61 LCM (see Figure 18) was 
selected. In a discussion with Dr W Seib on 16 August 2017, he confirmed draglines with this 
bucket size being widely used in open cut mines around Central Queensland. This could pave 
way for a scenario, where surplus draglines at the mine could be used to implement DHT 
system instead of purchasing brand new ones. In addition, the dragline in this analysis was 
fitted with UDD and automation package to improve accuracy dumping rate. With UDD 
technology, the hopper can be located anywhere within the operating radius of the dragline 
instead of being limited the tip of the boom in conventional dragline. 
 
Figure 18. CAT 8200 dragline. 
Hopper was assumed to be fully autonomous, fitted with track mounting relocation system. 
The minimum capacity of the hopper was required to be the same as the truck’s capacity. 
Due to some difficulties in relocating the hopper in 1994 study, dragline and hopper patterns 
were designed in a way to minimise turns for hopper relocation. As can be seen in Figure 19, 
prestrip block excavation would start when dragline leaving from position number 1, which 
was the old bridge, to position number 2. After finishing excavating key cut in position number 
2, it would simply move in a horizontal direction to number 3 and 4 for main cut and old bridge 
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excavation, respectively.  Hopper would receive the next location of the dragline and then 
relocate to the exact dump point within dragline operating radius. Dragline swing angle to 
hopper was kept at 450 for all positions.  
 
Figure 19. Dragline and hopper patterns. 
5.2.2 Haulage Setup 
Three truck scenarios were considered for DHT system. The purpose was to examine whether 
autonomous technology and truck size would create any benefit for the system in terms of 
productivity and economics. The three scenarios included: 
1. Using normal CAT 789D trucks with capacity of 181 tonne; 
2. Using CAT 789D trucks fitted with autonomous package; and 
3. Using large 290 tonne KOMATSU 930E trucks fitted with autonomous package. 
Haulage distance was measured from centroid of the prestrip block to the centroid of the dump 
block. This method was applied to minimise variances in estimates and ensure fairness when 
comparing productivity of DHT and Trucks/shovel systems. In the case of DHT system, all 
trucks were loaded on the natural surface so the centroid was placed at the top of the prestrip 
block. The trucks would, on average, start being loaded at the prestrip centroid, hauled around 
the strip end and dumped the wastes at the centroid of the dump block. Centroid points are 
detailed in Figure 20. 
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Figure 20. Centroid locations for DHT model. 
As can be noticed, there was a height difference between the two centroids in this case so the 
haul road at strip end would be slightly downward. The elevation was calculated to be -8m 
from the 3D AutoCAD model and would be taken into consideration when analysing truck 
cycle time.  
In addition, dump arrangement was designed to achieve the same haulage distance for every 
prestrip block. The purpose was to maintain the same truck fleets throughout the prestrip phase. 
For example, if the block was in the middle of the strip, the wastes would be dumped right at 
the edge of the spoil side and the subsequent block would be dumped right next to the previous 
wastes block. The average haulage distance retrieved from 3D AutoCAD model was 1.73km 
for each prestrip block. The arrangement is illustrated in Figure 21. 
 
Figure 21. Dump arrangement.  
5.3 TRUCKS/SHOVEL MODEL 
5.3.1 Trucks/Shovel Setup 
CAT 6060 hydraulic shovel with bucket capacity of 34 cu.m and 181 tonne CAT 789D truck 
fleet were selected for this model setup. According to Seib (2017), these shovel and truck sizes 
were widely employed for prestrip in open cut coal mines around Central Queensland. The 
purpose of this selection was to evaluate how DHT would compete squarely with the most 
popular prestrip method in the State and whether it could replace the Trucks/shovel fleet or not. 
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5.3.2 Haulage Setup 
The dump arrangement for Trucks/shovel model was the same as in the foregoing DHT model 
above. However, in terms of haulage distance, the centroid for prestrip block in this case was 
located in the middle of the block as the trucks had to travel the elevation to the natural surface. 
In DHT system, dragline was responsible for lifting up the waste to the surface so the trucks 
were not required to haul any vertical distance. The centroids for Trucks/shovel system are 
shown in Figure 22. 
 
Figure 22. Centroid locations for trucks/shovel model. 
Based on this centroid setup, the trucks were required to travel 161m ramp distance to the 
surface, using ramp grade of 8% and another 1650m horizontal distance to haul the waste from 
the prestrip block to the dump. 
5.4 OTHER CONSIDERATIONS 
5.4.1 Rehabilitation 
For both models, it is worth mentioning that bulldozers would be used for land clearing and 
rehabilitation. However, this was not included in the productivity analysis phase as this dozing 
process was the same in both models and would not highlight any differences in productivity 
between the two. 
5.4.2 Operational risks 
The models were assumed to perform in perfect conditions with no disruption, although in real 
world operation, risks of machine malfunction, such as truck or excavator breakdown, should 
be taken into consideration. Backup plan should be in place to avoid any productivity loss if 
the operation is disrupted. 
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For DHT system, hopper should be regularly checked for wear and tear as it had to suffer harsh 
impact from waste being loaded from dragline.  
5.4.3 Social risks 
The social risks should be carefully analysed once autonomous haulage is implemented in coal 
mines around Central Queensland. As there were many mining townships in Central 
Queensland, an introduction of driverless trucks might cause anger among unions and local 
labour due to job loss. 
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6 MODEL ANALYSIS 
6.1 DHT SYSTEM 
6.1.1 Productivity Analysis 
The main aim of this productivity analysis was to determine the total time for each method to 
finish excavating one prestrip block. Operating and productivity parameters were retrieved 
from literature research and verified with Dr W Seib through a discussion on 16 August 2017. 
All parameters are detailed in Table 5. 
Table 5.  
Dragline and hopper parameters 
 Parameter Value 
 Bucket Capacity 61 lcm 
 Cycle Time (450 swing) 60s 
 Swell Factor 1.2 
Dragline CAT 8200 series Fill factor 0.95 
 Walking Speed 4m per minute 
 Walking Distance for Each Block 72.5m 
 Total Walking Time for Each Block 18 minutes 
Hopper Total walking time for Each Block 22 minutes 
In terms of dragline parameters, a typical cycle time in side casting operation is around 57s but 
for DHT system, the bucket needs to be hoisted higher and precisely aimed at the hopper, which 
will require a few extra seconds so the dragline cycle time is assumed to be around 60s for this 
model. Swell factor and fill factor were acquired based on industry standard numbers. In 
addition, walking distance for each block was calculated to be 72.5m using dragline pattern 
and AutoCad 3D model. With the dragline speed of 4m per minute, the total walking time 
results in 18 minutes for each block. 
As for hopper walking time, it is assumed that hopper obtains the dragline’s next location 
through GPS receiver and simultaneously relocates itself to the next dump point while the 
dragline is walking. In this case, the total hopper relocating time for each block is estimated to 
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be around 22 minutes, including 18 minutes of dragline walking time and 4 minutes of total 
aligning time for 4 positions. 
The first step in the analysis process is to identify the bucket factor of the dragline. This 
parameter can be calculated using equation 1: 
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐹𝐹𝐹𝐹𝐵𝐵𝐵𝐵𝐹𝐹𝐹𝐹 =  𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐶𝐶𝐹𝐹𝐶𝐶𝐹𝐹𝐵𝐵𝐶𝐶𝐵𝐵𝐶𝐶 (𝑙𝑙𝐵𝐵𝑐𝑐) ×  𝐹𝐹𝐶𝐶𝑙𝑙𝑙𝑙 𝐹𝐹𝐹𝐹𝐵𝐵𝐵𝐵𝐹𝐹𝐹𝐹
𝑆𝑆𝑆𝑆𝐵𝐵𝑙𝑙𝑙𝑙 𝐹𝐹𝐹𝐹𝐵𝐵𝐵𝐵𝐹𝐹𝐹𝐹                          (1) 
From this equation, the bucket factor is calculated to be (61 x 0.95)/1.2 = 48.  
With this bucket factor value, the total number of swing can be obtained using equation 2: 
𝑁𝑁𝐵𝐵𝑐𝑐𝑚𝑚𝐵𝐵𝐹𝐹 𝐹𝐹𝑜𝑜 𝑆𝑆𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆 =  𝐵𝐵𝑙𝑙𝐹𝐹𝐵𝐵𝐵𝐵 𝑣𝑣𝐹𝐹𝑙𝑙𝐵𝐵𝑐𝑐𝐵𝐵 (𝐵𝐵𝐵𝐵𝑐𝑐)
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑜𝑜𝐹𝐹𝐵𝐵𝐵𝐵𝐹𝐹𝐹𝐹                                                (2) 
As the prestrip block dimensions are 40mx60mx30m, its bank volume results in 72,000 bcm. 
The total number of dragline swings is calculated to be 72,000/48 = 1,491 swings. With this 
value, the dragline excavation time can be obtained to be 86,457 seconds (~1,441 minutes) by 
multiplying 1,491 swings with single cycle time of 60s.  
The final total excavation time should include the walking time of hopper as well. As both 
dragline and hopper moving simultaneously, hopper is chosen due to its longer relocating time. 
The eventual total excavation time is 1441 + 22 = 1463 minutes, which equals to around 24 
hours. The key aspects are listed in Table 6. 
Table 6.  
DHT’s excavation analysis 
Parameter Value 
Bucket Factor 48 
Number of Swings 1,491 
Total Excavation Time 24 hours 
6.1.2 Truck fleets 
This stage of analysis aims to determine how many trucks that DHT system requires to maintain 
a continuous haulage throughout the excavation. First step is to identify the number of passes 
for each truck size. As mentioned in the model setup, three truck scenarios with two truck sizes, 
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including 181 and 290 tonne capacities, are examined for DHT system. Using the waste density 
of 1.6 tonne/lcm, the number of passes can be simply calculated using the equation 3 with 
results being shown in Table 7. 
𝑁𝑁𝐵𝐵𝑐𝑐𝑚𝑚𝐵𝐵𝐹𝐹 𝐹𝐹𝑜𝑜 𝐶𝐶𝐹𝐹𝑝𝑝𝑝𝑝𝐵𝐵𝑝𝑝 =  𝑇𝑇𝐹𝐹𝐵𝐵𝐵𝐵𝐵𝐵 𝐶𝐶𝐹𝐹𝐶𝐶𝐹𝐹𝐵𝐵𝐶𝐶𝐵𝐵𝐶𝐶 (𝐵𝐵𝐹𝐹𝑆𝑆𝑆𝑆𝐵𝐵) ÷ 𝑊𝑊𝐹𝐹𝑝𝑝𝐵𝐵𝐵𝐵 𝐷𝐷𝐵𝐵𝑆𝑆𝑝𝑝𝐶𝐶𝐵𝐵𝐶𝐶 (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙 ) 
𝐷𝐷𝐹𝐹𝐹𝐹𝑆𝑆𝑙𝑙𝐶𝐶𝑆𝑆𝐵𝐵 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐶𝐶𝐹𝐹𝐶𝐶𝐹𝐹𝐵𝐵𝐶𝐶𝐵𝐵𝐶𝐶 (𝑙𝑙𝐵𝐵𝑐𝑐)          (3) 
 
Table 7.  
Number of passes required 
 CAT 789D KOMATSU 930E 
Capacity 181 tonnes 290 tonnes 
Number of passes 2 3 
In order to calculate the number of trucks required, the total truck cycle time needs to be 
obtained. This cycle starts when the truck finish dumping and travelling empty to the hopper, 
then getting loaded and travelling back to the dump point. Details on the truck cycle are shown 
in Table 8. 
Table 8.  
Truck cycle time for DHT system 
 CAT 789D KOMATSU 930E 
Travel time from dump (s) 138.40 138.40 
Three point turn (s) 48.00 48.00 
Time to fill the truck (s) 126.00 184.00 
Travel time to dump (s) 155.70 155.70 
Spotting time (s) 18.00 18.00 
Dump time (s) 60.00 70.00 
Total (s) 546.10 614.10 
Based on the haulage distance of 1.73 km, the travel times from dump point and to dump point 
are calculated using travel speed of 45km/h and 40km/h, respectively. The reason for this speed 
difference is because when the trucks travel to dump point, they are loaded with waste so the 
speed was estimated to be 5 km/h slower than when travelling from dump. Three point turn 
time was sourced from the 1994 study trial, taking 48s for the truck to position itself under the 
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hopper while spotting time and dump time were based on industry standard number with 
KOMATSU 930E taking a few seconds longer then CAT 789D due to its higher load capacity. 
In addition, time to fill the truck was calculated by multiplying the number of passes required 
for each truck with the dragline cycle time. 5 seconds were added for each case to accommodate 
truck waiting time or some unexpected delays. Based on these figures, the number of trucks 
required could be calculated using equation number 4, with results are shown in Table 9. 
𝑁𝑁𝐵𝐵𝑐𝑐𝑚𝑚𝐵𝐵𝐹𝐹 𝐹𝐹𝑜𝑜 𝑇𝑇𝐹𝐹𝐵𝐵𝐵𝐵𝐵𝐵𝑝𝑝 =  𝑇𝑇𝐹𝐹𝐵𝐵𝐹𝐹𝑙𝑙 𝑇𝑇𝐹𝐹𝐵𝐵𝐵𝐵𝐵𝐵 𝐶𝐶𝐶𝐶𝐵𝐵𝑙𝑙𝐵𝐵 𝑇𝑇𝐶𝐶𝑐𝑐𝐵𝐵 (𝑝𝑝) 
𝑇𝑇ℎ𝐹𝐹𝐵𝐵𝐵𝐵 𝐶𝐶𝐹𝐹𝐶𝐶𝑆𝑆 𝐵𝐵𝐵𝐵𝐹𝐹𝑆𝑆 𝐵𝐵𝐶𝐶𝑐𝑐𝐵𝐵 (𝑝𝑝) + 𝑇𝑇𝐶𝐶𝑐𝑐𝐵𝐵 𝐵𝐵𝐹𝐹 𝑜𝑜𝐶𝐶𝑙𝑙𝑙𝑙 𝐵𝐵ℎ𝐵𝐵 𝐵𝐵𝐹𝐹𝐵𝐵𝐵𝐵𝐵𝐵 (𝑝𝑝)     (4) 
 
Table 9.  
Number of trucks required 
 CAT 789D KOMATSU 930E 
Capacity 181 tonnes 290 tonnes 
Number of trucks required 4 3 
6.2 TRUCKS/SHOVEL SYSTEM 
6.2.1 Productivity analysis 
The same analysis process was conducted for Trucks/shovel model, where the aim was to 
calculate the total excavation time for one prestrip block. Operating and productivity 
parameters for CAT 6060 hydraulic shovel were detailed in Table 10. These figures were first 
retrieved through research literature and then verified with an industry interview with Dr W 
Seib (2017) to ensure they were close to real world operation. 
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Table 10.  
Shovel’s parameters 
 Parameter Value 
Hydraulic Shovel CAT 6060 
Bucket Capacity 34 lcm 
Cycle Time (1200 swing) 35s 
Swell Factor 1.2 
Fill factor 0.95 
Working time 50 minutes per hour 
Cycle time, swell factor and fill factor were based on standard figures from the industry. 
Working time of 50 minutes per hour was assumed to accommodate the shovel’s productivity 
loss during moving or unexpected delays. Based on these parameters, the material moved per 
cycle was calculated using formula 5. 
𝑀𝑀𝐹𝐹𝐵𝐵𝐵𝐵𝐹𝐹𝐶𝐶𝐹𝐹𝑙𝑙 𝑐𝑐𝐹𝐹𝑣𝑣𝐵𝐵𝑚𝑚 𝐶𝐶𝐵𝐵𝐹𝐹 𝐵𝐵𝐶𝐶𝐵𝐵𝑙𝑙𝐵𝐵 (𝑚𝑚𝐵𝐵𝑐𝑐) =  𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐶𝐶𝐹𝐹𝐶𝐶𝐹𝐹𝐵𝐵𝐶𝐶𝐵𝐵𝐶𝐶 (𝑙𝑙𝐵𝐵𝑐𝑐) × 𝐹𝐹𝐶𝐶𝑙𝑙𝑙𝑙 𝑜𝑜𝐹𝐹𝐵𝐵𝐵𝐵𝐹𝐹𝐹𝐹  
𝑆𝑆𝑆𝑆𝐵𝐵𝑙𝑙𝑙𝑙 𝐹𝐹𝐹𝐹𝐵𝐵𝐵𝐵𝐹𝐹𝐹𝐹     (5) 
The material per cycle resulted in 27 bcm from the calculation. The total number of cycles 
required to excavate each block was then obtained by dividing prestrip block volume of 72,000 
bcm by 27 bcm, giving an outcome of 2,675 cycles. Using formula 6, the total excavation time 
was calculated for trucks/shovel model. 
𝑇𝑇𝐹𝐹𝐵𝐵𝐹𝐹𝑙𝑙 𝐵𝐵𝑒𝑒𝐵𝐵𝐹𝐹𝑣𝑣𝐹𝐹𝐵𝐵𝐶𝐶𝐹𝐹𝑆𝑆 𝐵𝐵𝐶𝐶𝑐𝑐𝐵𝐵 (ℎ𝐹𝐹𝐵𝐵𝐹𝐹) =  𝑇𝑇𝐹𝐹𝐵𝐵𝐹𝐹𝑙𝑙 𝑆𝑆𝐵𝐵𝑐𝑐𝑚𝑚𝐵𝐵𝐹𝐹 𝐹𝐹𝑜𝑜 𝐵𝐵𝐶𝐶𝐵𝐵𝑙𝑙𝐵𝐵𝑝𝑝 
𝑊𝑊𝐹𝐹𝐹𝐹𝐵𝐵𝐶𝐶𝑆𝑆𝑆𝑆 𝑇𝑇𝐶𝐶𝑐𝑐𝐵𝐵 𝑃𝑃𝐵𝐵𝐹𝐹 𝐻𝐻𝐹𝐹𝐵𝐵𝐹𝐹 (𝑝𝑝)  ÷ 𝐶𝐶𝐶𝐶𝐵𝐵𝑙𝑙𝐵𝐵 𝑇𝑇𝐶𝐶𝑐𝑐𝐵𝐵 (𝑝𝑝)    (6) 
The total time required for this trucks/shovel model to excavate one prestrip block resulted in 
31 hours, which was 7 hours longer than DHT system. This result seemed reasonable due to 
dragline bucket capacity being twice as large as shovel bucket capacity. Results are listed in 
Table 11. 
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Table 11.  
Excavation time for shovel 
Parameter Value 
Material moved per cycle 27 bcm 
Total number of cycles required 2,675 
Total Excavation Time 31 hours 
6.2.2 Truck fleets 
CAT 789D with 181 tonne capacity was the only truck size examined for this trucks/shovel 
capacity. Firstly, the number of passes required for one truck was determined using equation 7 
and applying the same waste density of 1.6 tonne/lcm from DHT model. The results are detailed 
in Table 12.  
𝑁𝑁𝐵𝐵𝑐𝑐𝑚𝑚𝐵𝐵𝐹𝐹 𝐹𝐹𝑜𝑜 𝐶𝐶𝐹𝐹𝑝𝑝𝑝𝑝𝐵𝐵𝑝𝑝 =  𝑇𝑇𝐹𝐹𝐵𝐵𝐵𝐵𝐵𝐵 𝐶𝐶𝐹𝐹𝐶𝐶𝐹𝐹𝐵𝐵𝐶𝐶𝐵𝐵𝐶𝐶 (𝐵𝐵𝐹𝐹𝑆𝑆𝑆𝑆𝐵𝐵) ÷ 𝑊𝑊𝐹𝐹𝑝𝑝𝐵𝐵𝐵𝐵 𝐷𝐷𝐵𝐵𝑆𝑆𝑝𝑝𝐶𝐶𝐵𝐵𝐶𝐶 (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙 ) 
𝑆𝑆ℎ𝐹𝐹𝑣𝑣𝐵𝐵𝑙𝑙 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐶𝐶𝐹𝐹𝐶𝐶𝐹𝐹𝐵𝐵𝐶𝐶𝐵𝐵𝐶𝐶 (𝑙𝑙𝐵𝐵𝑐𝑐)  (7) 
 
Table 12.  
Number of truck passes required. 
 CAT 789D 
Capacity 181 tonnes 
Number of passes 3 
Same process as in DHT system, truck cycle was required to identify the fleet size. Details on 
truck cycle for this case are shown in Table 13. 
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Table 13.  
Truck cycle time for trucks/shovel 
 CAT 789D 
Travel time from dump (s) 151 
Spotting time (s) 18 
Waiting time (s) 10 
Time to fill the truck (s) 105 
Travel time to dump (s) 171 
Spotting time (s) 18 
Dump time (s) 60 
Total (s) 534 
In order to calculate travel times, the horizontal length of 1650m and the ramp length of 161m 
were used with truck speeds for horizontal haulage being the same as in DHT. However, speeds 
on ramp path were reduced to 30 km/h and 25 km/h for empty trucks and loaded trucks, 
respectively. Other parameters were acquired from research and verified with Dr W Seib 
through interview. Based on these figures, the number of trucks required could be calculated 
using equation number 8, with results are shown in Table 14. 
𝑁𝑁𝐵𝐵𝑐𝑐𝑚𝑚𝐵𝐵𝐹𝐹 𝐹𝐹𝑜𝑜 𝑇𝑇𝐹𝐹𝐵𝐵𝐵𝐵𝐵𝐵𝑝𝑝 =  𝑇𝑇𝐹𝐹𝐵𝐵𝐹𝐹𝑙𝑙 𝑇𝑇𝐹𝐹𝐵𝐵𝐵𝐵𝐵𝐵 𝐶𝐶𝐶𝐶𝐵𝐵𝑙𝑙𝐵𝐵 𝑇𝑇𝐶𝐶𝑐𝑐𝐵𝐵 (𝑝𝑝) 
𝑆𝑆𝐶𝐶𝐹𝐹𝐵𝐵𝐵𝐵𝐶𝐶𝑆𝑆𝑆𝑆 𝐵𝐵𝐶𝐶𝑐𝑐𝐵𝐵 (𝑝𝑝) + 𝑇𝑇𝐶𝐶𝑐𝑐𝐵𝐵 𝐵𝐵𝐹𝐹 𝑜𝑜𝐶𝐶𝑙𝑙𝑙𝑙 𝐵𝐵ℎ𝐵𝐵 𝐵𝐵𝐹𝐹𝐵𝐵𝐵𝐵𝐵𝐵 (𝑝𝑝)      (8)  
Table 14.  
Number of trucks required 
 CAT 789D 
Capacity 181 tonnes 
Number of trucks required 4 
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7 FINANCIAL TECHNICAL MODELLING 
7.1 MODEL SUMMARY 
This section aims to compare the financial aspect of both DHT and Trucks/shovel system for 
prestrip based on the cases produced from the model setup section. Four different cases in Table 
15, including three for DHT system and one for Trucks/shovel system, were compared to see 
which one would be the most efficient method, returning the highest final Net Present Value 
(NPV). 
Table 15.  
Cases for FTM analysis 
 DHT System Trucks/Shovel System 
Truck Fleet Case Normal CAT 789D 
Auto CAT 
789D 
Auto KOMATSU 
930E 
Normal CAT 
789D 
Number of Trucks 4 4 3 4 
The final outcome would give an answer on whether DHT system was ready to financially 
compete with the trucks/shovel system, which is the typical prestrip method in open cut coal 
mines around Queensland. 
7.2 COST ESTIMATION 
7.2.1 Excavators 
The two excavators employed in the models were 61 cu.m CAT 8200 dragline and 34 cu.m 
CAT 6060 hydraulic shovel. The purchasing costs and operating costs for these two were 
retrieved from Infomine’s 2016 data. With the total excavation times for each machine and 
prestrip block volume obtained in the previous section, operating costs per bank cu.m were 
calculated. All data are shown in Table 16. 
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Table 16.  
Excavators cost estimation 
 CAT 8200 Dragline CAT 6060 Shovel 
Purchasing Cost (AUD) 80,500,000 15,130,000 
Operating Cost (AUD/Hour) 3,268.00 1,390.00 
Total Excavation Time For Each Block (Hour) 24.00 31.00 
Total Operating Cost To Exacavate Each Block (AUD) 78,432.00 43,090.00 
Prestrip Block Volume (Bcm) 72,000.00 72,000.00 
Operating Cost (AUD/Bcm) 1.09 0.60 
7.2.2 Hopper 
Due to the lack of real data, all the costs related to the autonomous hopper were estimated from 
basics. Two hoppers were considered due to the size difference in the examined trucks. The 
smaller hopper with capacity of 120 lcm, which is equivalent to 2 passes, was matched with 
CAT 789D truck fleet while the larger hopper with capacity of 180 lcm, which can hold 3 
dragline passes, was applied for KOMATSU 930E truck fleet. Costs to construct the frame of 
these two hoppers were sourced from infomine’s latest data. As for the track mounting system, 
the 1994 study estimated that this relocation setting would increase the hopper price by roughly 
one million dollar, while the addition of autonomous ancillary equipment would cost the 
hopper another 150,000 AUD. The detail costs of both hoppers are illustrated in Table 17. 
Table 17.  
Hopper cost estimation 
 Small Hopper (120 lcm) Large Hopper (180 lcm) 
Frame Construction Cost (AUD) 150,000 210,000 
Track Mounting System Cost (AUD) 1,000,000 1,000,000 
Autonomous equipment (AUD) 150,000 150,000 
Total purchasing cost 1,300,000 1,360,000 
Operating Cost (AUD/bcm) 0.001 0.001 
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The operating costs were estimated based on crawling loader data as they used the same track 
mounting system for movement. A medium size crawling loader costed 96.4 AUD for one 
working hour. As the hopper using 4 tracks instead of two like in the loader, its operating cost 
per hour was assumed to be double than that of loader’s, resulting in 192.8 AUD/hour. It took 
the hopper 22 minutes to relocate when excavating a 72,000 bcm block. From that, the 
operating cost per bcm for hopper were calculated as can be seen in table 17. 
7.2.3 Truck Fleets 
This section aims to detail the capital cost and operating cost of all truck scenarios mentioned 
in the model setups. As autonomous haulage is being considered for DHT system, the 
autonomous package should be added into the total cost of the truck fleets. Table 18 details all 
the equipment and infrastructures needed for an autonomous fleet. In addition to this package, 
each vehicle was required to fit a 150,000 AUD set of ancillary equipment, which is mentioned 
in the total cost later on. 
Table 18.  
Autonomous haulage package (Price, 2017) 
 Cost (AUD) 
Project planning  1,000,000 
AHS Software 1,000,000 
AHS Software Configuration 500,000 
Control room 400,000 
Communications upgrade 1,000,000 
Physical infrastructure 1,000,000 
Contingency 500,000 
Total 5,400,000 
All the capital cost and operating costs for the truck fleets were sourced from Infomine’s latest 
data. In terms of operating cost for autonomous cases, a reduction of 17% as compared to 
normal truck case was assumed due to the reduced labour component. The operating cost per 
bcm was calculated based on the same method as in excavator’s part, using total excavation 
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time and block volume. Cost details for all truck cases from model setup are shown in Table 
19. 
Table 19.  
Truck fleets cost estimation 
 Normal CAT 
789D Fleet 
Auto CAT 
789D Fleet 
Auto 
KOMATSU 
930E Fleet 
Number Of Trucks Required 4 4 3 
Cost Per Truck (AUD) 4,407,000 4,407,000 6,178,000 
AHS Ancillary Equipment Cost Per 
Vehicle (AUD) 
0 150,000 150,000 
Auto Package (AUD) 0 5,400,000 5,400,000 
Total Fleet Cost (AUD) 17,628,000 23,628,000 24,384,000 
Total Fleet Operating Cost Per Bcm 
(AUD) 
0.475 0.32 0.58 
7.3 FINANCIAL PARAMETERS 
In order to conduct FTM analysis, some financial parameters were assumed for this part. 
Annual prestrip quantity was capped at 19 Mbcm across all cases. A total of 5 Mt saleable coal 
production was assumed per year at the price of 120 AUD per tonne. In addition, other annual 
costs, including side casting operation, processing and rehabilitation, totalled up to 200 million 
AUD. The capital expenditure in all cases would be financed with 100% equity and could be 
depreciated on a straight line basis across a 5 year period starting in the year immediately after 
the expenditure was incurred. All scenarios were examined through a period of 15 years with 
annual discount rate of 8%. These financial parameters are detailed in Table 20. 
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Table 20.  
Financial parameters 
Parameter Value 
Annual Prestrip Quantity 19 Bcm 
Annual Saleable Coal Production 5 Mt 
Coal price 120 AUD/tonne 
Annual Other Cost 200 million AUD 
Examined duration 15 years 
Discount Rate 8% 
Depreciation 5 year straight line 
7.4 ANALYSIS RESULTS 
7.4.1 Scenario 1: Purchasing New Equipment 
In this scenario, all equipment was purchased new from the start. As we can see from Table 
21, the capital expenditures for DHT cases were significantly higher than the trucks/shovel 
case. This was due to the high price of the dragline, hopper and autonomous package. In terms 
of pre-strip cost, the trucks/shovel also beat all DHT models with the lowest figure and 
eventually became the best pretrip method in this scenario with the highest NPV of 1.48 billion 
AUD. Details on all FTM analysis are shown in Appendix 3. 
Table 21.  
FTM results for scenario 1 
 DHT Trucks/Shovel 
Truck Fleet Normal CAT 789D 
Auto CAT 
789D 
Auto KOMATSU 
930E 
Normal CAT 
789D 
CAPEX (AUD) 109 million 116 million 116.7 million 32 million  
Annual Prestrip Cost 
(AUD) 28 million 
27 million 32 million  20.5 million 
NPV (AUD) 1.379 billion 1.376 billion 1.345 billion 1.48 billion 
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7.4.2 Scenario 2: Using Surplus Equipment at Site 
In this scenario, it was assumed that surplus dragline and trucks at site would be used instead 
of purchasing new ones. Thus, capital expenditures for all DHT cases were sharply reduced 
when comparing with the previous case as hefty costs of dragline and trucks being removed. 
However, the cost of dragline automation package and hopper were still considered in all DHT 
models. As for trucks/shovel case, no capital expenditure occurred. The annual prestrip costs 
stayed the same as in the previous scenario. As can be seen in Table 22, trucks/shovel once 
again came out as the most economic prestrip method, ahead of all DHT cases with the highest 
NPV of 1.504 billion AUD. Details on all FTM analysis are shown in Appendix 4. 
Table 22.  
FTM result for scenario 2. 
 DHT Trucks/Shovel 
Truck Fleet Normal CAT 789D 
Auto CAT 
789D 
Auto KOMATSU 
930E 
Normal CAT 
789D 
CAPEX (AUD) 11.6 million 17.6 million 17.5 million None 
Annual Prestrip Cost 
(AUD) 
28 million 27 million 32 million  20.5 million 
NPV (AUD) 1.449 billion 1.451 billion 1.42 billion 1.504 billion 
7.5 RESULT DISCUSSION 
Through both scenarios, it can be concluded that DHT system could not economically compete 
with trucks/shovel for deep prestrip. The DHT concept might sound attractive in the technical 
aspect but when it came to real world application, it could be a financial failure and there are 
some explanations for this claim. 
The first and most notable reason lies in the high operating cost of the dragline. In the cost 
estimation part, it can be seen that dragline operating cost was nearly twice than that of shovel 
(1.09 AUD versus 0.6 AUD). Then all DHT models had to include the operating costs of trucks 
and hopper, resulting in significantly higher prestrip costs when compared with trucks/shovel 
model. With this high operating cost, dragline could only be economically employed for side 
casting operation, working on the dragline horizon level which was 50m above the seam. 
Trucks/shovel would still be a more feasible method to excavate an interburden within 50m 
depth from the natural surface. 
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In addition, the substantial expense of dragline, hopper and autonomous package were the 
reason why DHT models did not perform very well in the first scenario of the analysis. Their 
capital expenditures were apparently more intensive than trucks/shovel system but could not 
bring any advantage in terms of operating cost to offset the higher CAPEX.  
Finally, autonomous haulage was proved to lack any worthwhile benefits during the analysis. 
Rio Tinto’s iron mines reported an operating cost reduction of 17% in terms of haulage when 
utilising driverless trucks. However, they were operating a large fleet of more than 30 
autonomous trucks. Meanwhile, with such small truck fleets in coal mining’s prestrip, the 
benefits of autonomous haulage were barely noticed and are uneconomic considering such 
intensive equipment and infrastructure setup cost of more than 5 million AUD. 
44 
8 CONCLUSION 
This project investigated the technical and economic feasibility of implementing 
Dragline/Hopper/Trucks (DHT) system for deep prestrip in 2017 context. The attraction of 
using DHT for deep prestrip was discussed from late 1980s to early 1990s. The breakthrough 
occurred in 1994 when Shanks and Bartosiewicz conducted a trial for the system and 
successfully proved that it was feasible for dragline to load waste into rear dump truck via 
hopper. However, the trial encountered a big issue with the skid mounting relocation system, 
making it unacceptable for real life operation. 
The first stage was to look into the previous drawback with the relocation system, working on 
a more technically feasible replacement. Based on the suggestion from the 1994 study, the track 
mounting relocation system was analysed and discussed with Professor P Lever to see whether 
it would be a solution for this problem. Lever confirmed that track mounting system would be 
technically suitable for hopper due to the wide availability and maturity of the equipment and 
technology. 
In addition, some advanced technologies were also looked at to improve the operation of the 
whole system. In terms of dragline, Dragline Swing Assist and Universal Dig and Dump 
technologies were mentioned as great improvements to dumping accuracy as the 1994 study 
had to encounter some spillage problems. No current work was recorded for hopper but a vision 
for autonomous hopper based on available technologies was detailed as a guide for future study. 
In addition, autonomous trucks were also considered for DHT system as they could improve 
haulage efficiency. 
Block by block prestrip productivity analysis was conducted for both DHT and trucks/shovel 
system based on a typical open cut mine layout in Central Queensland. Three DHT cases and 
one Trucks/shovel case were analysed with the trucks/shovel one representing the typical 
prestrip method in Central Queensland coal mines. The details on all cases, total excavation 
time and number of trucks required are shown in Table 23. 
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Table 23.  
Productivity results for all cases 
 DHT System Trucks/Shovel System 
Excavators CAT 8200 (61 lcm bucket) CAT 6060 (34 lcm) 
Truck Fleet Case Normal CAT 789D 
Auto CAT 
789D 
Auto 
KOMATSU 
930E 
Normal CAT 789D 
Truck Capacity (Tonne) 181 181 290 181 
Total excavating time for 
each block (hours) 
24 24 24 32 
Number of Trucks 4 4 3 4 
In the final stage, all these cases were analysed in terms of financial aspect to see whether DHT 
system was able to compete with Trucks/shovel for prestrip in two scenario, including 
purchasing new equipment and using surplus equipment at site. In both scenarios, 
Trucks/shovel proved to be the most economic prestrip method, returning the highest Net 
Present Values. All results are included in Table 24. 
Table 24.  
FTM results for all cases 
 DHT Trucks/Shovel 
Truck Fleet Normal CAT 789D 
Auto CAT 
789D 
Auto KOMATSU 
930E 
Normal CAT 
789D 
NPV (AUD) – 
Purchasing new 
equipment scenario 
1.379 billion 1.376 billion 1.345 billion 1.48 billion 
NPV (AUD) – Using 
surplus equipment 
scenario 
1.449 billion 1.451 billion 1.42 billion 1.504 billion 
The main reason DHT system could not compete with trucks/shovel was found to lie in 
dragline’s high operating cost. Dragline could only be cost efficient for side casting at dragline 
horizon depth. In addition, intensive capital expenditure made DHT become less attractive than 
Trucks/shovel fleet. 
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9 RECOMMENDATION 
After examining all different cases for both DHT and trucks/shovel systems, listed below are 
some recommendations that can be made for future studies: 
• Trials for DHT cases can be conducted to further examine the technical feasibility of 
the concept. 
• Perhaps a longer depreciation period for large equipment, such as dragline, can be used 
to assess if NPV’s vary significantly from this work.   
• The case of using large draglines for prestrip should be closed as they cannot compete 
with shovels in terms of cost efficiency. 
• Small dragline/trucks concept can be investigated for prestrip as the operating cost of 
dragline might significantly reduce and by loading directly into trucks, the hopper’s 
related costs are removed. A dragline with bucket size of 25 lcm can be examined for 
this case. In addition, driverless trucks can reduce safety issues of loading straight from 
dragline to trucks without hopper. 
• Another replacement that is worth considering for prestrip is Shovel/Crusher/Conveyor 
concept. This system is already commercially applied for S11D iron ore project in 
Brazil but no discussion has been made on prestrip condition so far.   
• Future research on using autonomous haulage for coal projects in Central Queensland 
needs be carefully assessed in terms of social risks. 
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APPENDIX 1: Risk Assessment Ranking 
 
Figure 23. New Hope risk ranking matrix (New Hope Group, 2009). 
 
Figure 24. Risk matrix consequence definition (New hope Group, 2009). 
 
Figure 25. Risk matrix likelihood definition (New hope Group, 2009). 
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APPENDIX 3: FTM scenario 1 
 
Figure 26. Trucks/shovel analysis 
 
Figure 27. DHT – normal CAT789D 
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Figure 28. DHT – Auto CAT789D 
 
Figure 29. DHT – Auto KOMATSU 930E 
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APPENDIX 4: FTM scenario 2 
 
Figure 30. Trucks/shovel analysis 
 
Figure 31. DHT – normal CAT789D 
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Figure 32. DHT – Auto CAT789D 
 
Figure 33. DHT – Auto KOMATSU 930E 
 
 
